For the robust identification of taxonomically complex fern family like Athyriaceae, light and scanning electron microscopy is significance implications. This article present first microscopic investigation of foliar micromorphology of 3 genera and 10 species belonging to Athyriaceae namely, Athyrium, Deparia, and Diplazium were collected from different localities in Malakand Division, Northern Pakistan. In present study we compare foliar micromorphology of all 10 species using standard protocols of light microcopy (LM) and scanning electron microscopy. Qualitative micromorphological variations in shape of epidermal cells, anticlinal wall pattern, stomatal type and shape, stomatal pore shape, guard cells shape, and trichomes types were studied. In addition, some quantitative characters were also studied and data were statistically analyzed in epidermal cell size, stomatal size, stomatal pore size, stomatal density, and stomatal index. The pivotal result of study include; shape of epidermal cell in all species is irregular on both abaxial and adaxial surfaces. The anticlinal walls are sinuous in most of the species but some species have irregular lobed and broadly lobed wall. Leaves are hypostomatic in all studied species. Two main categories of stomatal type were found: polocytic and anomocytic. Unicellular nonglandular trichomes were observed in only one species Athyrium mackinnoni. The variation in foliar micromorphological characters between the genera and within the species was useful in identification and classification and have potential taxonomic significance for species differentiation. An identification key using micromorphological characters are provided to distinguish genera and species.
. In Pakistan, the genus is represented by 13 species.
Generic circumscriptions within Athyrioid ferns has been a subject of strong controversy since establishment and many related genera included in and separated over time (Christensen, 1906; Copeland, 1947; Fraser-Jenkins, 2006; Wei & Zhang, 2016) .
Diplazium is the most species rich lineage of the Athyriaceae and contain about 350 known species (Christensen, 1917; Christenhusz, Zhang, & Schneider, 2011; Schneider et al., 2016; Tryon & Tryon, 1982) . Most species are distributed in tropical and subtropical climates but few species have been found in cold temperate. In Pakistan, the 4 species of this genus are reported and distributed in Northern areas along with Kashmir (Stewart, 1967; Stewart et al., 1972) . The generic delimitation of Diplazium is a subject of strong controversy among pteridologist since long time (Arana, Mynssen, & Ponce, 2017; Ching, 1964; Kato, 1979; Tryon & Tryon, 1982; Wei et al., 2013) .
Deparia contain 70 species distributed in tropical and cold temperate forest in most part of old world (Kato, 1979; Kato & Darnaedi, 1988; Kuo et al., 2018; Schneider et al., 2016) . In Pakistan the genus is represented by 5 species. The three genera can be distinguished morphologically: Athyrium species are characterized by having two strands of vascular bundles in the petioles; the petiole bases are enlarged and have conspicuous elaborated aerosphores, continuous grooves from rachis to costae and have J or horse shaped sori (Ching, 1964; Kato, 1977 Kato, , 1979 Rothfels et al., 2012) . Most species of Deparia can be distinguished from Athyrium and Diplazium by fronds architecture and segmentation in fronds and presence of articulate multicellular hairs (Kato, 1977) . Deparia is usually distinguished from Diplazium by its costae and rachis grooves. Deparia has grooves on adaxial side of costae that are interrupted at the junction with the rachis, but in Diplazium the costal grooves are continuous with that of the rachis (Sano, Takamiya, Kurita, Ito, & Hasebe, 2000) .
Anatomical observation of the Athyriaceae have been made by several workers including Ogura (1921) , Bir (1969) , and Hayata (1927) . Ogura (1921) studied the stelar anatomy of athyrioid ferns and found that they are all dictyostelic type. In 1971, Bir described the stelar structure of rhizome and stipe of Himalayan Athyrium as being similar to that of Diplazium. According to the study of Kato (1972) on Athyriaceae, the vascular structures of rhizomes, stipes and rachis of Athyrium, Diplazium and their relatives are very similar to those of Acystopteris, Gymnocarpium, onoclea and Woodsia. Beside these treachery elements is used for taxonomic purpose in this family (Xu & Wang, 2009 ) stomata types (Yan-Ping & Jian-Meng, 2012) vascular bundles (Karafit, Rothwell, Stockey, & Nishida, 2006) and the petiole anatomy (Hernandez-Hernandez, Terrazas, Mehltreter, & Angeles, 2012) have been used for the taxonomic purpose in Athyriaceae. However, on the basis of morphological and few earlier anatomical studies the grouping of the taxa looks very artificial some of the phylogenetic studies were performed which can possibly help in the delimitation of genera and species within Athyriaceae (Chunxiang, Shugang, Xiaoyan, & Qun, 2011; Liu et al., 2011; Sano et al., 2000; Wang, Xie, & Zhao, 2004; Wei et al., 2013 Wei et al., , 2018 .
The microscopic investigation and micromorphology has been widely used in the systematics of ferns and providing many useful taxonomic characters (Carlquist & Schneider, 1997 , 2001 Large, 1989; Nester, 1985; Schneider & Carlquist, 1998; Suseela & Devi, 1998; Tryon & Lugardon, 2012) . Variations in the leaf micromorphological characters are very useful in the taxonomic study of many ferns species (Chuang & Liu, 2003; Nayar, 1962; Shao, Lu, & Shang, 2011; Van Cotthem, 1970; Wang, Deng, Li, Deng, & Lu, 2009; Wang & Lu, 2010; Wylie, 1949) . Epidermal and anticlinal wall pattern provided many important taxonomic delimitation in ferns (Van Cotthem, 1970) . Epidermal and stomatal characters are taxonomically very important due to its variability. Structure of stomata reported in many species of ferns shows a remarkable taxonomic significance (Chuang & Liu, 2003; Pant & Khare, 1971; Sen & Hennipman, 1981; Viane & Cotthem, 1977; Ziegler, 1987) .
Stomata size and frequency is reported to delimit the genera of certain ferns species (Lee & Oh, 1988) . Trichomes are reported by various workers are useful in taxonomic study of many ferns species (Barthlott, Wiersch, Colić, & Koch, 2009; Krings, Kellogg, Kerp, & Taylor, 2003; Nayar, 1956) .
Despite anatomy of many aspects of Athyriaceae foliar micromorphological investigation are very few in the literature (Mali & Yi, 1997; Zhang, Ye, Liu, & Jing, 2011) . No studied are practically existent on the foliar epidermal anatomy and systematics of Athyriaceae in Pakistan.
Thus, the study stands as first taxonomic investigation of 3 genera and 10 species of Athyriaceae namely, Athyrium, Diplazium, and Deparia.
The present work aims to study the foliar epidermal anatomy of some Pakistani Athyriaceae species using LM and SEM techniques to provide anatomical data of those species which has not been studied before to test the effectiveness of foliar micromorphology of epidermal cell and other stomatal feature for taxonomic segregation. (Nakaike & Malik, 1992 Stewart, 1967; Stewart et al., 1972) .
| M A TER I A LS
The collected specimens were dried, pressed, labeled and mounted on herbarium sheets. The vouchers specimens were deposited to Herbarium of Pakistan (ISL) Quaid-i-Azam University Islamabad. 10 species belonging to 3 genera were selected for microscopic investigation. The samples include 4 species of Athyrium 4 species of Deparia and 2 species of Diplazium. A list of selected species of Pakistani Athyriaceae used for micromorphology habitat, vouchers and other information are presented in Table  T1 1. Distribution of Athyriaceae species in Malakand and taxon sampling localities are shown in Figure 4 . The nomenclature and classification of Athyriaceae used in this work is those adopted by Smith et al. (2008) and Christenhusz et al. (2011) . 
| Light microscopy (LM)

| Scanning electron microscopy (SEM)
For SEM observation dried leaves were used. Sections from both upper and lower surface were fixed on double sided tape mounted on tubs.
The specimens were sputter coated with gold palladium and then 
| Quantitative analysis
The recorded characters were analyzed using different quantitative represented as: minimum-maximum (mean) 6 standard error, for instance 17 -30 (23) 6 5. The stomatal index was calculated as described by Salisbury (1928 Salisbury ( , 1932 . S. I5 S E 1 S 3100; S.I 5 Stomatal index, S5 No of stomata per unit area E5 No of epidermal cell per unit area. Stomatal density is calculated as described by Ghosh and Davis (1973) . Stomatal density 5 No of stomata per unit area. Stomatal density calculates as the number of stomata per unit leaf area based on the observation of five samples and the area for counting the stomata of each field was (0.0940 mm 2 ). A complete statistical analysis of quantitative characters are presented in Supporting Information Appendix S1.
Altogether, 19 quantitative and qualitative characters were investigated and 10 quantitative characters were evaluated for grouping taxa using the clustering analysis method UPGMA ( Figure 9 ).
| R E SU LTS
The qualitative and quantitative characters of leaf micromorphology of Athyriaceae are summarized in Table  T2 2. Selected light and SEM micro- Figure  F2 2).
| Epidermal cell micromorphology
The stomatal pore in all studied species observed is broad and narrow elliptic. Shape of guard cell is narrow kidney shape in most of the species while in some species the kidney shape guard is also seen.
Athyrium atkinsonii
Deparia petersenii
A remarkable variation was observed in stomatal size, stomatal density, stomatal pore size and stomatal index ( Figure  F4 4 and 5 tapering at the apex.
| Trichomes characteristics
| Cluster analysis
The UPGMA phenogram of the quantitative data provide 6 main clusters ( Figure  F9 9). In first main cluster A. attenuatum and A. mackinnoni have similar identity. In second and third cluster A. atkinsonii and A.
wallichianum had similar identity. In fourth cluster D. esculentum and D.
polypodioides and in fifth D. macdonellii and D. allantodioides found to be closely related. The sixth cluster consisted of D. japonica and D.
petersenii were found to have similar morphological characters with definite distance. Wang et al., 2002; Wei et al., 2013) . Generally among leaf anatomical features in ferns the leaf epidermis provides significant characters for systematic and taxonomy (Wylie, 1949 , Nayar, 1962 Van Cotthem, 1970) , and it has been used in identification of many species of ferns including Athyriaceae (Bondada, Tu, & Ma, 2006; Chuang & Liu, 2003; Lee & Oh, 1988; Mali & Yi, 1997; Nayar, 1962; Zhang et al., 2011) . A number of micromorphological characters here can be used in this study to identify genera and species of Athyriaceae.
Almost all the quantitative and qualitative leaf epidermal characters were quite variable and inconsistent in studied species. The epidermal cell shapes in all studied species are irregular. According to (Van Cotthem, 1970 ) irregular epidermal cell have been observed in many species of Athyriaceae. The irregular epidermal shape of Athyrioid ferns have been reported in many studies Yan-Ping & Jian-Meng, 2012; Zhang et al., 2011) . them, 1970) . The shape and pattern of epidermal anticlinal walls is considered as environmental adaptation, as mesophytic species have usually sinuous walls and xerophytes have straight walls (Gifford, 1989) . The epidermis surface seen under SEM is smooth in most species but striate epidermis surface were also observed in many species.
Epidermal cell size varies in the investigated species and remarkable variation is observed in cell size which may have less taxonomic value and it can be affected by environmental influences. The frequency of epidermal cell in pert unit mm 2 were counted and no of epidermal cells on both upper and lower surface varies in Pakistani Athyriaceae.
The distribution of stomata and stomata type are considered of taxonomic value especially at higher taxonomic level (Metcalfe & Chalk, 1950) . In ferns different stomatal classification were proposed which are considered for taxonomic delimitation and each have a particular terminology. For better understating of ferns stomata type the ontogenetic studies are critically important and are necessary to find out different type of mature stomata in ferns Van Cotthem (1970 ), Thurston (1969 , Sen and De (1992) . The stomata are hypostomatic (Stomata are distributed only on abaxial surface) in all investigated species here.
Hypostomatic leaves are commonly observed in many fern families (Kramer, 1990; Kramer, Chambers, & Hennipman, 1990; Van Cotthem, 1970) . Two types of stomatal complex are studied here in this study.
The stomatal complex of Athyrium species is polocytic which is one of most widely studied genus of Athyriaceae and polycytic type of stomatal complex is common in this genus (Malik & Bhardwaja, 1993; Mehra & Soni, 1983; Van Cotthem, 1970) . Polocytic stomata were also observed in two species of Deparia. Anomocytic stomata complex have been reported as a common type at family level (Mali & Yi, 1997) .
Anomocytic stomata were observed in species of D. japonica, D. petersenii, D. esculentum, and D. polypodioides. The different stomata types in the investigated Athyriaceae species can be used up to some extent to delimit genera.
The SEM observation of stomata shows three types of stomatal shapes in studied species which may be useful up to certain limit in the differentiation of species. Deparia. Kidney shape guard cells were observed in only two species of Diplazium, D.esculentum, and D. polypodioides.
The stomatal frequency is often determined but it considered having less taxonomic value as it influenced by prevailing external environmental condition (Metcalfe & Chalk, 1950) . Variation in stomatal density and stomatal index have great implication in paleoclimatic reconstruction (Poole, Weyers, Lawson, & Raven, 1996) . The density of stomata varies between the species and found useful taxonomic micromorphological characters in studied species. The stomatal index also distinguished species to some extent in different genera studied here.
The stomatal index varies from lowest in D. polypodioides (8.3) to highest in A. attenuatum (22.4). The stomatal size (guard cell size) have widely been used for taxonomic segregation in certain plant groups (Adedeji & Jewoola, 2008; Prabhakar, 2004; Rudall & Mathew, 1990) .
The stomatal size varies between the species and appears to reflect taxonomic segregation in Athyriaceae studied here ( Table 2 ). The other stomatal epidermal feature of taxonomic importance in this study which was chosen is stomatal pore measurement. The stomatal aperture size have been studied by many scientists using scanning electron microcopy and light microcopy techniques (Gardingen, Jeffree, & Grace, 1989) The taxonomic importance of trichomes in ferns are well documented in botanical literature (Bondada et al., 2006; Chuang & Liu, 2003; Saunders & Fowler, 1992 Wagner, 1977) . The glandular trichomes have been reported in some species of Athyriaceae (Fengqin, Qingmei, Shuyu, & Jianxiu, 2006) . Multicellular trichomes are common in genus Diplazium (Arana et al., 2017) . However, trichomes are absent in most of the species studied here have little diagnostic features in Pakistani Athyriaceae. Unicellular nonglandular trichomes are observed in only one species Athyrium mackinnoni. Cluster analysis (Figure 9 ) performed on 10 quantitative characters were also useful in demonstrating distinct group of taxa. The cluster analysis have been used in many plant groups and has been useful in validating the leaf micro morphological features as a method of separating the species and genera (Manly & Alberto, 2016) The present study signifies the foliar epidermal anatomical characters have importance in the taxonomy of Athyriaceae at generic and species level. In addition, it also signifies the use of qualitative and quantitative micromorphological characters by using LM and SEM by taxonomist to generate taxonomic keys which can be used as confirmatory keys in identification of selected taxa and surmount the similarity problem between the genera and species of Athyriaceae.
| C ONC LUSI ON S
This is the first microscopic investigations that describe leaf micromorphology of 10 species of Pakistani Athyriaceae belonging to 3 genera (Athyrium, Deparia and Diplazium). Leaf micromorphological characters through light microscopy and scanning electron microscopy is described here is a good source of taxonomic information that can help the species and genera delimitation. Yet, micromorphological descriptions of other Pakistani Athyriaceae species are recommended to use these features in a broader taxonomic and evolutionary context.
